count, and gallbladder wall thickness. Conclusions: A gallbladder wall thicker than 4-5 mm, a contracted gallbladder, age above 60 or 65, male gender, and acute cholecystitis were risk factors for the conversion of laparoscopic cholecystectomy to open surgery. Furthermore, there was no association between diabetes mellitus or white blood cell count and conversion to open surgery.
Introduction
Laparoscopic cholecystectomy is a common operation in the Western world [1, 2] , usually performed as elective surgery with low mortality and morbidity [3] . It has been reported that 1.8-27.7% of laparoscopic cholecystectomies are converted to open surgery during the operation [4, 5] . Converted cases are associated with increased numbers of infectious and other postoperative complications [6] [7] [8] [9] [10] , increased risk of additional procedures, and a higher 30-day readmission rate [11] . Overall, conversion from laparoscopic to open operation results in longer postoperative stays and morbidity and mortality rates are higher in this group of patients [11, 12] .
Identifying preoperative patient-related variables, predicting the need for conversion of laparoscopic cholecystectomy to open surgery may help to identify high-risk patients and redefine the surgical strategy in this group, for example, ensuring sufficient available expertise for complicated cases. The purpose of this systematic review and meta-analysis was to investigate if certain preoperative patient-related characteristics increased the risk of conversion of laparoscopic cholecystectomy to open surgery, in patients undergoing cholecystectomy due to gallstone disease.
Method
This systematic review and meta-analysis were conducted according to Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [13] . Prior to data extraction and analysis, the review was registered at the International Prospective Register of Systematic Reviews [14] with the registration number CRD42014009222. The research question that drove the review was: which preoperative patient-related characteristic affects the risk of converting laparoscopic cholecystectomies to open surgery in patients with gallstone disease?
Eligibility Criteria
The literature search strategy was created on the basis of the following eligibility criteria: we included English and Scandinavian language articles available in full-text. Inclusion criteria for the systematic review were prospectively collected prognostic studies reporting preoperative risk factors for standard 4-port laparoscopic cholecystectomy. The indication for surgery had to be gallstone disease. Articles were excluded if adjusted analyses (i.e. multivariate logistic regression) were not reported. No restrictions regarding the type and method of adjusted analyses were applied. Only studies reporting ORs with 95% CI for all significant, as well as, insignificant risk factors in the multivariate analysis were eligible for the meta-analyses. No restrictions were made regarding the time of publication.
Search Strategy
PubMed and Embase were systematically searched for relevant articles on March 24, 2014. The search strategy was created with help from a librarian and conducted by the first author ( table 1 ).
The search strategy was modified to fit Embase. Duplicates occurring in both databases were removed, after which the title and abstract of the records were independently screened by 2 authors (J.P.R. and S.V.). To measure the degree of agreement between the two authors in the screening process, a kappa value was calculated [15] . According to the Cochrane Handbook [15] kappa values between 0.40 and 0.59 are categorized as fair agreement, values between 0.60 and 0.74 are categorized as good agreement and values over 0.75 are categorized as excellent agreement. If title or abstract met the eligibility criteria, full texts of the articles were obtained. Any discrepancies were solved by discussion. One additional study [16] was identified through snowball search [17] .
Data Collection and Data Items
The studies included in the systematic review were analyzed to identify all reported preoperative risk factors. The identified variables were then extracted from the included studies. The collected study data were number of participants, year of publication, and statistical methods. The extracted outcome variables (preoperative risk factors for conversion of laparoscopic cholecystectomy to open surgery) were: -Patient demographics (age (the studies used either 60 or 65 years as their cut-off value), gender, weight/body mass index (BMI; cut-off 27.5-35), body temperature, American Society of Anesthesiologist (ASA)-score), -Medical history (diabetes mellitus, previous abdominal surgery), -Gallstone disease (acute or chronic cholecystitis, wall thickness of gallbladder, pericholecystic fluid on preoperative ultrasound), -Preoperative laboratory values (aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, bilirubin, C-reactive protein).
Statistical Analysis
The study data, above-mentioned outcome variables, and OR with 95% CI for all preoperative risk factors with uni-and multivariate analyses were extracted from the included studies. If the OR for a univariate analysis was not specified, it was calculated using the frequencies whenever possible. Only studies specifying significant results, as well as, non-significant results in the multivariate analysis were included in the meta-analyses. Studies not reporting non-significant results in the multivariate analysis were excluded from the meta-analysis and only reported narratively. Studies reporting continuous variables instead of using a cut-off value when generating the multivariate analysis were excluded from the meta-analysis.
For generating the meta-analyses, we used the software Review Manager [18] . The 'Generic Inverse Variance' mode was used, in which the OR for the specified outcome was entered for each study. The multivariate OR was used whenever available. For studies reporting variables as non-significant risk factors, the univariate OR was used in cases where the multivariate OR was not available.
The degree of heterogeneity across studies was expressed as I 2 . We classified I 2 of 25, 50, and 75% as low, medium and high heterogeneity, respectively [19] . If heterogeneity across studies was high (I 2 >75%), the Forest plots were shown to illustrate the effect of the risk factor; however, the pooled effect size was left out due to uncertainty of the true estimate. If heterogeneity was above 0%, 416 the random effect model for meta-analysis was used to take the heterogeneity across studies into account. Otherwise, the fixed effect model was used.
Risk of Bias within Studies and Quality Assessment
We used the Newcastle-Ottawa Scale (NOS) for evaluating bias in comparative and non-comparative observational studies [20] as recommended by the Cochrane Collaboration [21] , to assess the risk of bias within studies. The NOS scale rates the studies on selection, comparability, and outcome with 0-9 stars. A score of 0 stars indicates highest possible degree of bias, whereas 9 stars indicate the lowest degree of bias. The median and range of NOS values are presented for all included studies as well as for the studies included in each of the meta-analyses.
The Cochrane recommended GRADE tool was used to evaluate the quality of evidence on outcome level (risk factors) for the meta-analyses. The software used was GRADEpro, version 3.5 for Windows [22] . Based on the overall assessment, GRADE rates the quality of evidence as very low, low, moderate, or high. Meta-analyses of randomized controlled trials always start out as a high quality of evidence, where observational studies start out as low quality of evidence, and may thereafter be up-or downgraded. Outcomes may be downgraded in case of high risk of bias across studies (median NOS <7), high degree of inconsistency (I 2 >75%), indirectness, imprecision, or risk of publication bias. Outcomes may be upgraded as a consequence of large outcome-effect or possible confounding underestimating the effect [23] .
Results
This systematic review included 32 prospective observational and database studies [4, 7-11, 16, 24-48] including 460,995 patients. Information about the individual studies are available online as supplementary material. Multiple databases were basis for more than one study, that is, duplicate publications in separate papers. To reduce publication bias, we excluded the studies with the lowest NOS score or the fewest included patients. This resulted in exclusion of 4 duplicate studies [5, [49] [50] [51] . A total of 10 studies were eligible for meta-analysis (n = 25,778; fig. 1 ).
The degree of agreement between the 2 authors assessing the study eligibility had a kappa value of 0.68, corresponding to good agreement [15] .
All the included studies were evaluated for bias using NOS. The median score for all studies was 8 (range 5-9) (table 2). The NOS score was typically reduced, because many studies did not describe follow-up (outcome).
Risk of Bias Across Studies
Quality of evidence in the meta-analyses all started out as low quality due to the observational nature of the included studies. One of the outcomes was upgraded as a result of strong association between risk factors and conversion to open surgery (gallbladder thickness). Three outcomes were downgraded as a result of high heterogeneity (weight, previous abdominal surgery, acute cholecystitis) (table 2) .
Funnel plots (not shown) were symmetrical for all meta-analyses indicating a low risk of publication bias.
Risk Factors for Conversion of Laparoscopic Cholecystectomy to Open Surgery
Age Patient age as a risk factor for conversion to open surgery was evaluated in 27 studies [4, 8, 10, 11, 16, 24, 25, 27-30, 32-37, 39-46, 48, 52] . Older age was found to be a significant risk factor in 16 studies [8, 11, 25, 27, 30, 32, 34, 36, [41] [42] [43] [44] [45] [46] 48] . Meta-analysis on 4 of these studies [33] [34] [35] 39] (n = 2,820, median NOS = 8 (range 7-9), I 2 = 0%) found a pooled OR of 1.64 (95% CI 1.22-2.19; fig. 2 a) . The cut-off values across the studies were 60 or 65 years. Two potential studies had to be excluded because they reported age as a continuous variable [5, 42] . The quality of evidence for age as a risk factor was low using the GRADE approach, due to the observational nature of the studies.
Gender
Gender as a risk factor for conversion was evaluated in 31 studies [4, 7-11, 16, 24, 25, 27-47] . Male gender was considered a significant risk factor for conversion in 21 studies [8-11, 16, 25, 27, 28, 30-35, 37, 38, 43-47] . Metaanalysis on 9 of these studies [7, 11, 33-35, 38, 39, 42, 47] (n = 25,778, median NOS = 8 (range 6-9), I 2 = 49%) found a pooled OR of 1.38 (95% CI 1.13-1.68; fig. 2 b) . The quality of evidence for male gender as a risk factor was low using the GRADE approach due to the observational nature of the studies. Furthermore, we observed a moderate degree of heterogeneity in the analysis.
Weight/BMI A total of 13 studies [4, 10, 11, 24, 27, 29, 30, 33, 34, 37, 41, 44, 48 ] evaluated weight as a risk factor for conversion; however, only 6 studies [30, 33, 34, 37, 41, 48] found high weight to be a risk factor for conversion. Meta-analysis on 3 of these studies [11, 31, 33] (n = 20,748, median NOS = 8 (range 7-9), I 2 = 74%) found a pooled OR of 1.85 (95% CI 0.92-3.75; fig. 2 c) . The quality of evidence for high weight as a risk factor was very low using the GRADE approach due to high heterogeneity.
ASA-Score ASA-score was evaluated as a risk factor for conversion in 6 studies [4, 9, 11, 29, 31, 38] . Of these, only 2 studies [11, 38] found a higher ASA-score to be a risk factor for conversion. None of the studies were eligible for inclusion in a meta-analysis.
Diabetes Mellitus
None of the 6 studies [6, 10, 27, 44, 46, 48] evaluating diabetes mellitus as a risk factor found it to be significant. None of the studies were eligible for meta-analysis.
Previous Abdominal Surgery
Previous abdominal surgery as a risk factor for conversion was evaluated in 14 studies [4, 9-11, 27, 29, 30, 33-35, 41, 46-48] . In 6 studies [9-11, 27, 29, 46] , previous abdominal surgery was found to be a risk factor for conversion. The 5 studies [11, [33] [34] [35] 47] (n = 23,226, median NOS = 8 (range 6-9)) in the meta-analysis had high heterogeneity (I 2 = 92%). As a result, the pooled OR was left out due to the possibility of an unreliable estimate ( fig. 2 d) . We tried to include only those studies that investigated upper abdominal surgery, but this did not change the heterogeneity. The quality of evidence for previous abdominal surgery as a risk factor was very low using the GRADE approach due to the high degree of inconsistency.
Body Temperature Three studies [7, 8, 48 ] evaluated increased body temperature as a risk factor for conversion; however, none of the studies found it to be significant. None of the studies were eligible for inclusion in a meta-analysis.
Acute Cholecystitis
Acute cholecystitis as a risk factor for conversion was evaluated in 7 studies [4, 11, 30, 34, 37, 43, 47] . Four of these studies found acute cholecystitis as a significant risk factor for conversion [4, 11, 34, 47] . The 3 studies [11, 34, 47] (n = 21,460, median NOS = 8 (range 7-9)) in the meta-analysis had high heterogeneity (I 2 = 94%). However, all 3 included studies found it significantly associated with conversion. Thus, the heterogeneity was due to different estimate sizes and not due to disagreement wheth- fig. 2 e) . Quality of evidence for acute cholecystitis as a risk factor was downgraded due to high inconsistency, but upgraded due to the large effect, resulting in very low quality using the GRADE approach.
White Blood Cell Count
Elevated white blood cell count as a risk factor for conversion was evaluated in 15 studies [8-10, 16, 24, 27, 29, 31, 32, 34, 37, 39, 46, 48] , but only 5 studies [8, 9, 24, 32, 46] found it to be a significant risk factor. Meta-analysis on 3 of these studies [7, 34, 39] (n = 1,279, median NOS = 7 (range 7-8), I 2 = 0%) found a pooled OR of 0.84 (95% CI 0.52-1.37; fig. 2 f) . Quality of evidence for white blood cell count as a risk factor was low using the GRADE approach due to the observational nature of the studies.
Preoperative Blood Tests
A total of 12 studies [7-9, 16, 24, 27, 29, 32, 34, 37, 39, 46 ] evaluated various liver parameters (aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, and bilirubin) as risk factors for conversion. None of the studies were eligible for meta-analysis. Only one [27] out of 7 studies found aspartate-and alanine aminotransferase as significant risk factors for conversion. More- None of the 9 studies found elevated bilirubin as a risk factor for conversion. Elevated C-reactive protein was reported in 4 studies [7, 16, 39, 40] and was considered a risk factor for conversion in 3 [16, 39, 40] .
Gallbladder Wall Thickness
Thickness of the gallbladder wall as a risk factor for conversion was evaluated in 11 studies [10, 29, 30, 33, . A thickened gallbladder wall was considered a significant risk in 9 of these studies [10, 30, 33, [35] [36] [37] [40] [41] [42] . Meta-analysis on 3 of the studies [33, 35, 42] (n = 1,814, median NOS = 7 (range 7-8), I 2 = 0) found a pooled OR of 8.17 (95% CI 5.38-12.40; fig. 2 g ), suggesting that a gallbladder wall thicker than 4-5 mm on preoperative ultrasound was a risk factor for conversion. Quality of evidence for gallbladder wall thickness as a risk factor was considered moderate using the GRADE approach due to the size of the estimate.
Medical Imaging
A contracted gallbladder on ultrasound was evaluated only in one study [36] , but in this study, it was a significant risk factor for conversion to open surgery. Pericholecystic fluid on ultrasound was a predictor in one study [48] , but not in 2 other studies [40, 42] . However, when evaluated on CT, the same measures were not risk factors [31] .
Discussion
This systematic review and meta-analysis on preoperative risk factors for conversion of laparoscopic cholecystectomy to open surgery included 32 studies with 460,995 patients. We found that a gallbladder wall thicker than 4-5 mm or a contracted gallbladder on ultrasound, age higher than 60 or 65, male gender, and acute cholecystitis are risk factors for conversion to open surgery. We found no association between body temperature, diabetes mellitus, or white blood cell count and conversion to open surgery. There may be an association between previous abdominal surgery, BMI or ASA-score and conversion to open surgery, but more studies are needed to verify these findings ( table 3 ) .
There was moderate quality of evidence to support that a thicker gallbladder wall on ultra sound was a risk factor for conversion to open surgery. Low quality of evidence supports that age over 60 or 65 and male gender are both risk factors for conversion to open surgery. Heterogeneity was classified as high for male gender but the qualitative analysis supported the findings. Therefore, we find it reasonable to conclude that male gender is a risk factor for conversion. Despite high heterogeneity, the meta-analysis pointed towards acute cholecystitis as a risk factor.
There is no obvious explanation as to why a higher age may lead to a higher conversion rate; however, the same result has also been shown for laparoscopic hysterectomy [53] . Also, the higher conversion rate in men is hard to explain. An explanation might be that men are more likely to delay seeking help [54, 55] , and thereby present themselves with a more severe disease when they are operated. Another study [51] revealed that men have a higher risk of getting acute cholecystitis. We concluded that acute cholecystitis was a risk factor for conversion. This may be due to severe inflammation, which makes the anatomy hard to identify and therefore results in conversion [10, 48] . The Tokyo guidelines for acute cholecystitis suggest early laparoscopic cholecystectomy for mild acute cholecystitis [56] . At the same time, they point out that moderate acute cholecystitis is associated with inflammatory changes, which make laparoscopic cholecystectomy less likely to be successful [56] . A gallbladder wall thicker than 4 mm is a radiological sign of acute cholecystitis [57] , and inflammatory changes increase the risk of conversion. Other studies [5, 58] have identified an unclear anat- [21] , it is possible to consider using non-randomized trials in systematic reviews and meta-analyses if effects cannot be studied through randomized controlled trials, which is the case for studies on patient-related risk factors for conversion of laparoscopic to open cholecystectomy. However, using results from observational studies in a meta-analysis creates a weakness, as the ORs have been derived from different models including different co-variables. Thus, the included studies have adjusted for different degrees of confounding, which results in varying risk of bias in the studies. Assuming that the studies are comparable otherwise, this will be reflected in increased heterogeneity measured by the I 2 test. If heterogeneity was above 75%, metaanalysis was not performed, as this would increase the risk of a biased estimate. In addition, an effort was made to minimize bias by using the random effects model, which provides more conservative results than the fixed effects model by accounting for the degree of heterogeneity [59] . The strength in our studies is that we have used the best available literature on the subject by only including prospective observational and database studies. To further eliminate bias within the studies, we chose to exclude studies not performing multivariate analyses.
To avoid heterogeneity in the meta-analyses, definition of variables (risk factors) has to be alike. Two potential studies for the meta-analysis on age used continuous variables and not a cut-off point for age and were for this reason excluded. Exploring heterogeneity for acute cholecystitis and previous abdominal surgery showed that definition of the variables varied. Acute cholecystitis was defined in one study as a histopathological diagnosis [47] , in another as a clinical or ultrasonic sign combined with sign of preoperative acute cholecystitis [11] , or it was not described at all [34] . The meta-analysis on previous abdominal surgery included all types of abdominal surgeries, both upper and lower. To explore the heterogeneity, we tried to include only those studies that investigated the upper abdominal surgery, but this did not change the heterogeneity, excluding this as the reason for the high heterogeneity. In all analyses where heterogeneity was above 0%, we used the random effects model, which provides a more conservative estimate of the pooled effect size [60] .
A risk score for prediction of conversion of laparoscopic cholecystectomy has previously been created [61] ; the question is if the score uses the relevant preoperative variables to predict conversion. Previous upper abdominal surgery weighs heavily in their risk score, but according to our meta-analysis, this might not be a risk factor for conversion. Some of the risk factors we identified, age higher than 60 or 65, male gender, and a gallbladder wall thicker than 4-5 mm on ultrasound, were also identified in the risk score for conversion [61] . Identification of these risk factors makes it possible to identify high-risk patients and thereby make relevant planning or logistic adjustments. This could be done only by having surgeons experienced at both laparoscopic and open cholecystectomy performing the operations. Moreover, by performing daytime-only surgery in these patients, more experienced surgeons may be available for consultation in case of difficulties. Another advantage is the possibility of informing patients of the higher risk for complications and a longer hospital stay and to aid the selection of patients not suited for conventional surgery, where subtotal cholecystectomy or conservative treatment may be an option.
Conclusion
We found that a thickened gallbladder wall and a contracted gallbladder on ultrasound, male gender, age above 60 or 65, and acute cholecystitis were risk factors for conversion of laparoscopic cholecystectomy to open surgery.
